diameter of the terminal curve of the catheter must be adjusted to the width of the ascending aorta. The smallest catheter used was a #4F. The approach for the coronary catheterization was the transcutaneous femoral artery puncture. At least two different projections of the particular coronary artery were obtained, either on cut films or cine recordings.
IN 1977 the American Heart Association published a report on indications for coronary arteriography.' This report focused on arteriosclerotic heart disease. Although justification of coronary arteriography in congenital heart disease was acknowledged, no specific details were given. Similarly, Conti lists valvular and congenital heart diseases among the indications for coronary angiography,2 but does not discuss particular congenital heart conditions.
In many reports of the pathology of coronary circulation in infants and children, a thoracic aortogram is considered the preferred method to demonstrate coronary arterial anomaly.3 9 In some children, we have found that aortography does not show the coronary anomaly clearly and in rare instances may not show the anomaly at all. In such children, a selective coronary angiogram is indicated.
In this report, we show examples of the value of the selective coronary arteriogram for the diagnosis of disease of coronary arteries in children and specify the diseases in which coronary arteriography is indicated.
Materials and Methods
Twelve children who were 3 weeks to 16 The catheters used for the selective coronary arteriograms were #6F or #7F Amplatz right and Amplatz #1 or #2 left coronary catheters.0" 11 For children younger than 5 years, smaller catheters must be used. They are formed just before the procedure, and the diameter of the terminal curve of the catheter must be adjusted to the width of the ascending aorta. The smallest catheter used was a #4F. The approach for the coronary catheterization was the transcutaneous femoral artery puncture. At least two different projections of the particular coronary artery were obtained, either on cut films or cine recordings.
In each patient a left ventriculogram or aortogram and a coronary arteriogram were performed, which permitted comparison of the diagnostic value of each type of study. The coronary arteriograms were always performed as a second study when the aortogram and/or ventriculogram were not diagnostic.
Results Table 1 shows the age of the patients, the results of the nonselective contrast studies and of the selective coronary arteriograms, the diagnosis of the particular coronary abnormality, and the comments concerning the angiographic studies. Some of these patients will be discussed briefly in order to illustrate diagnostic problems in connection with nonselective angiograms. Patient 1 An ascending aortogram showed an enlarged right coronary artery and 0.5 second later, much smaller and incompletely visualized left anterior descending and left circumflex arteries. Neither the left main coronary artery nor the pulmonary artery were visualized ( fig. IA) . This appearance suggested the possibility of atresia of the left main coronary artery, a rare but distinct entity in children,12 rather than an aberrant origin of the left coronary artery from the pulmonary trunk. A selective right coronary arteriogram using a #4F catheter was performed the next day, and the aberrant origin of the left coronary artery from the pulmonary trunk was well visualized ( fig. lB) . Ligation of the left main coronary artery was performed, and the child is asymptomatic 1.5 years later.
Comments
The root aortogram was not diagnostic. The selective coronary arteriogram showed the coronary arterial anomaly, and an appropriate operation could be performed. Patient 2 An ascending aortogram of excellent quality disclosed a right coronary artery-right atrial fistula ( fig. 2A ). The selective right coronary arteriogram, however, showed that only the first atrial branch was involved in the fistulous communication (figs. 2B and C), and the fistula was closed merely by ligation of this single branch.
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Comments
Without a selective coronary arteriogram, the anatomy was not well visualized. Based only on information from the aortogram, the surgeon would probably have ligated the right coronary artery instead of one of its branches to abolish the fistulous communication.
Patient 3
In this patient with an atypical systolic-diastolic murmur, an aortogram did not show a patent ductus arteriosus; however, unusual, small, tortuous vessels were seen overlying the region of the main pulmonary artery. Bilateral selective coronary arteriograms showed multiple small fistulas from both right and left conal branches to the infundibulum of the right ventricle and the main pulmonary artery (figs. 3A and B).
Comments
The selective right and left coronary arteriograms showed the multiple fistulas, while the aortogram suggested only abnormal coronary arterial branches.
Patient 5
In this patient with cystic medial necrosis of the aorta and severe aortic regurgitation, replacement of the ascending aorta and the aortic valve was performed."3, 14 In this operation, the coronary arteries are reanastomosed to the graft, and the dilated ascending aorta is wrapped around the prosthetic graft. Three In the patient with supravalvar aortic stenosis, a .selective ascending aortogram showed a large filling defect in the left posterior cusp. The left coronary artery, except for a small blind pouch, was not visualized. A large right coronary artery was shown, but no collateral circulation into the left coronary arterial circulation was seen. Selective right coronary arteriography, however, showed collateral filling of an adequate-sized left anterior descending and a small left circumflex coronary artery; the left main coronary artery was not opacified ( fig. 5A ). At operation, the proximal left coronary artery was occluded by hypertrophied tissue. A venous bypass graft was connected to an artery believed to be the anterior descending coronary artery. A few months later, however, the patient had a positive treadmill test. Subsequently, a coronary arteriogram showed that the left circumflex continued to be perfused by collaterals from the right coronary artery, and that the venous graft was not anastomosed to the left anterior descending coronary but to its small diagonal branch (figs. 5B and C).
Comments
Selective coronary angiography was necessary to clarify the coronary arterial anatomy in the patient with supravalvar aortic stenosis. Only the coronary arteriogram could show the reasons for positive treadmill test after coronary artery bypass surgery. (table 2) , probably occur in infants and children more frequently than commonly believed. Some of them occur very rarely,4' 5, 12, 15 -20 while others are amenable to curative or palliative surgery. Therefore, a correct diagnosis and demonstration of the exact anatomy by angiography is mandatory in these patients. In some instances, even a properly performed aortogram does not show the exact nature of the coronary arterial pathology, and selective coronary arteriography is indicated (table 1) .
Coronary arteriovenous fistula is probably the most common congenital anomaly involving the coronary arteries in children and was present in four of the children we report (nos. 2, 3, 7 and 9). The fistulas may be either single or multiple,21 and the distinction is important because only single fistulas may be cured by operation. Coronary arteriography is superior to aortography in demonstrating the extent and nature of the fistula.
In young patients with anomalous origin of the left coronary artery from the pulmonary trunk, the collateral circulation may be sparse, and aortography may fail to opacify the left coronary arterial system and/or pulmonary artery, thus simulating atresia of the left coronary artery ostium.12 When such a dilemma arises (as in patient 1), right coronary angiography is needed to define the nature of the coronary circulation. The smallness of the organs in these infants requires special attention to the shape and size of the catheters used to allow a safe manipulation. The catheterization should be done as fast as possible because these patients are usually in severe congestive heart failure. In supravalvar aortic stenosis, one or both coronary ostia can be obstructed by the hypertrophied connective tissue. Coronary arteriography alone can adequately evaluate the results of attempts to improve myocardial perfusion; for example, in patient 6, arteriography revealed incomplete revascularization ( fig. 6 ).
In patient 4, the thallium-201 myocardial scan was misinterpreted, which led to a coronary arteriogram The value of selective coronary arteriography in evaluating postoperative complications is illustrated in patients 5, 6 (see Results) and 12. In patient 12, a myocardial infarction resulted from accidental division of the left anterior descending artery arising from the right coronary artery and crossing the right ventricular infundibulum during repair of the tetralogy of Fallot. These examples illustrate the value of the selective coronary arteriography in some children with abnormalities of the coronary arteries; the indications are listed in table 3. There are sporadic reports about selective coronary arteriograms in children.12' [22] [23] [24] [25] [26] [27] Coronary arteriography is associated with complications, but there are also reports of fatal complications in children with coronary arterial abnormalities during cardiac catheterization or ascending aortography as well.28' 29 The complications of selective coronary arteriography in children are similar to those in adults. The rate of complications should be lower in children because 1) the arteries are healthier and relatively larger, and 2) the procedure is shorter because fewer projections are necessary. The risk of complications in patients with bicuspid aortic valve is higher. Because the left main coronary artery may be shorter in patients with bicuspid aortic valve,20 the catheter tip enters into one of its major branches more often. The vigorous movement of the catheter secondary to the I.
jet across the stenotic aortic valve may increase the chance of wedging the catheter during each ventricular systole against the arterial wall. The percentage of socalled left dominance, in which the left ventricular myocardium is supplied entirely by the left coronary circulation, is much higher in patients with congenital aortic stenosis. Consequently, complications involving coronary catheterization are more serious, and these factors should be considered before attempting selective coronary angiography in children with aortic valvar stenosis. The free position of the catheter tip in the coronary artery should be checked frequently.
Every pediatric cardiologist performing cardiac catheterizations should be familiar with the technique of selective coronary catheterization in children of all ages, because there will be situations in which the aortogram and ventriculogram will not give satisfactory information, and the definite conclusion could be made only with the help of selective coronary arteriography. The onset of left anterior hemiblock after total correction of TF could possibly be explained, in cases with a dominant left pattern, by injury to the coronary system after closure of the interventricular septal defect, rather than by injury to the conduction system. THE RESULT of the total correction of tetralogy of Fallot (TF) depends not only on the seriousness of the functional changes, but also on the possible presence of certain unfavorable anatomic features.
Anomalies in the course and distribution of the coronary arteries may be present in TF. In a number of patients, the left anterior descending coronary artery (LAD) arises from the right coronary artery (RCA) and crosses over the right ventricular outflow tract, thus complicating the surgical correction.'-6 Such an anomalous vessel is not always detectable at the time of ventriculotomy, particularly when it is obscured by the overlying myocardium,l "-9 by epicardial fat9 1 ' or by pericardial-epicardial adhesions,4 5 in patients who have previously undergone palliative surgery.
The anomalous origin of the LAD from the RCA is not the only variant found in these patients.1 2, 4, 6, [8] [9] [10] [11] [12] [13] From 
